One hundred forty-four Angus male calves were assigned to one of five slaughter-age groups: 9, 12, 15, 18 and 24 mo of age. After weaning, one-half of the calves within slaughter age were castrated. One-half of the 12-, '15-, 18-and 24-mo age groups of each sex were further randomly allotted to a high-energy (HE) or low-energy (LE) finishing diet. Eight bulls and eight steers assigned to the 9-mo slaughter group were fed the HE diet only. Samples from the longissimus muscle (LM) were taken at the 12th rib for histological evaluations of fat deposits. Thin sections from the LM at the 1 lth rib were stained for lipid, collagen and elastin. Steaks from the LM were cooked and evaluated by a sensory panel and sheared by a Warner-Bratzler shear (WBS) device. The 9-10-11th rib sections were separated into muscle, fat and bone. Collagen, elastin and collagen solubility were determined chemically. Bulls had heavier carcasses, less fat and lower sensory scores for tenderness and juiciness than steers. Steers fed the HE diet had lower WBS values than bulls on either diet. Cooking losses were higher for bulls at 12, 18 and 24 mo than for steers. Histological evaluation showed that collagen content was higher for bulls than for steers and higher for cattle fed the LE diet than those fed the HE diet. Among cattle on the HE diet, the 9-mo cattle had more collagen than all older groups. Neither sex nor diet had an effect on elastin content shown by histological evaluation, but 12-mo cattle had the most elastin and the 15-and 18-mo cattle had the least elastin. Collagen content determined by chemical analysis was not affected by sex, diet or slaughter age. Correlation coefficients among histologically and chemically evaluated collagen and elastin and meat traits were too low to be of practical importance. The time-intensive histological techniques used in our study provided little additional information over that obtained from visually evaluated or chemically measured meat traits.
Introduction
Male cattle traditionally are castrated in the United States, primarily to improve ease of management and carcass and meat traits. Yet young bulls have significant advantages in growth rate, feed efficiency and leanness when compared with steers at the same age or time on feed (Seideman et al., 1982 USDA quality grades and beef that generally is less tender and juicy than beef from steers (Field, 1971; Seideman et al., 1982) . These lower tenderness ratings have been attributed to differences in marbling, fat cover and the amount and solubility of collagen (Boccard et al., 1979; Cross et al., 1984) . Melton et al. (1974) reported a low relationship between intramuscular fat content and palatability in bulls. Various objective methods for estimating intramuscular fat have had limited success (Moody and Cassens, 1968; Wassenberg, 1983) .
Collagen is important in meat tenderness, not only because of its amount in muscle, but also because of its ability to undergo molecular changes during animal maturation (Cross et al., 1973; Marsh, 1977) . Diet-energy density appears to have variable effects on solubility and molecular changes in collagen (Corte, 1977; Hall and Hunt, 1982; Wu et al., 1981) . Smith et al. (1977) reported that beef palatability improved as diet-energy density increased. Moody (1976) concluded that, within limits, nutritional regimen of cattle has little effect on beef palatability.
Studies relating histological evaluation of fat deposits and connective tissue to meat quality and palatability are limited. Therefore, our study evaluated fat deposits, collagen and elastin in stained preparations histologically, and chemically measured lipid, collagen and elastin in the longissimus muscle of bulls and steers fed two dietary-energy levels and slaughtered at five ages. The data reported here are a subset of the animals used for studies on carcass composition and quality reported by Arthaud et al. (1977) .
Experimental Procedure
One hundred forty-four Angus male calves of known history were obtained from two sources, 1) the University of Nebraska herd and 2) a commercial herd in Nebraska (table 1) . Calves were grouped within source based on birth date and assigned to one of five slaughterage groups: 9, 12, 15, 18 or 24 mo of age. After assignment at weaning, one-half of the calves within source and slaughter-age group were randomly selected for castration. The 12-, 15-, 18-and 24-mo age groups, consisting of eight bulls and eight steers from each source, were further allotted to high-energy (HE) or lowenergy (LE) diets. In addition, four bulls and four steers from each source were assigned to the HE diet, and to be slaughtered at 9 mo of age. Diets used in this study were described by Arthaud et al. (1977) . Growing and finishing diets were formulated such that steers fed the LE diet would be expected to achieve USDA Choice grade at each slaughter age. The HE diet was formulated in an attempt to produce bull carcasses with quality characteristics that would be comparable with LE steers. The LE and HE finishing diets were started at weaning for the 12-and 15-mo groups and 140 d prior to slaughter for the 18-and 24-mo groups. During the study, three steers died.
Cattle were commercially slaughtered and carcasses were evaluated by a representative of the USDA Agricultural Marketing Service, Livestock Division, for USDA quality and yield-grade traits at 72 h postmortem. Untrimmed wholesale ribs were shipped to the Loeffel Meat Laboratory, University of Nebraska, and aged at 2 to 4 C for 10 d before samples of the longissimus muscle (LM) were removed at the 11th and 12th rib regions.
Three 1.27-cm-diameter cores were taken from the medial, central and lateral positions of the ventral edge of the LM muscle at the 12th rib. Core samples were immediately frozen at -28 C and remained frozen until sectioned. For sectioning, the tissues were thawed to about -1 C and samples approximately 1 x 1 x .4 cm from each 1.27-cm core were mounted on cold metal specimen blocks and refrozen to -20 C. Frozen tissue sections 8 /am thick were transferred to precooled slides, air dried, fixed in 4% neutral formalin and stained for lipid with Oil-Red-O.
The ocular-grid method of Herring et al. (1967) as modified by Reddy et al. (1970) Muscle from the l lth rib region was frozen, later thawed and cut into a cube 5 • 5 • 5 cm from the middle of the LM muscle parallel to the muscle fibers. From the center of each cube, a 1-• 1-• .5-cm sample was placed on a thin, wet-cork square and frozen in 2-methylbutane that was cooled to -125 to -150 C in liquid nitrogen. Cork squares with samples were fixed on metal specimen blocks with distilled water and held at -20 C in a cryostat to equilibrate for 1 h. Sections (6/lm) were cut and transferred to cold coverslips for 2 h of air drying.
Sections were stained with trichrome stain for collagen according to the procedure of Milligan (1946) , and stained by the method of Romeis (1948) for elastin. Collagen and elastin contents were evaluated using a Quantiment 720 Image Analyzing Computer, which operated on the principle of line scanning for counting and measuring the size of a particle of sufficient contrast in a given microscopic field.
The LM at the 6-7th rib region was frozen for subsequent sensory panel evaluation of 2.5-cm-thick steaks.
Steaks were thawed overnight, cooked in an oven preheated to 162 C and cooked to 70 C internal temperature. Muscle strips were served on preheated plates to trained taste panel members. Steaks were evaluated for flavor, juiciness and tenderness (see table 2 for rating scales). A 2.5-cm-thick steak at the 12th rib also was cooked for Warner-Bratzler shear (WBS) evaluation and the 9-10-11th rib section was used for physical separation of muscle, fat and bone (Arthaud et al., 1977) .
Thirty-two LM samples at the llth rib were selected randomly from bulls and steers from both sources, four age groups and both diets. Also, four samples representing each source and sex were selected from the 9-mo slaughter group that had been fed the HE diet. These samples were analyzed chemically for collagen and elastin content. Insoluble collagen and elastin were extracted by the procedure of Vognarova et al. (1968) . The insoluble collagen fraction and elastin residue were hydrolyzed with 6 N HC1 in sealed tubes at 120 to 125 C for 4 h. Hydroxyproline content of the digesta bscore of 28 = abundant + ...... 17 = moderate-, .., 14 = modest-, .., 11 = small-, .., 8 = slight-, .., 5 = traces-.
Cscore of 10 = very tender or very juicy, 1 = very tough or very dry.
dscore of 5 = strong, 1 = tasteless.
e'f'g'hMeans in the same row within sex, slaughter age or diet that do not have a common superscript letter differ (P<.05).
was determined in duplicate by the procedure of Goll et al. (1963) . Factors of 7.46 and 52.3, respectively, were used for converting hydroxyproline to collagen and elastin (Neuman and Logan, 1950) . Total collagen and elastin were expressed as mg/g of wet muscle weight.
To determine collagen solubility, collagen was solubilized in 1/4-strength Ringer's solution at 77 C according to the procedures of Hill (1966) and analyzed for hydroxyproline as described previously. Soluble collagen was expressed as a percentage of total collagen. Harvey's (1960) least-squares procedures were used to determine the effects of age, sex and dietary-energy level on HFD, collagen and elastin contents of LM samples. Duncan's New Multiple Range Test (Duncan, 1955 )was used to differentiate means. Residual correlations were calculated between HFD and carcass and meat-palatability traits and between connectivetissue amounts and carcass and meat-palatability traits.
Results and Discussion
Carcass and Meat Traits. As presented in table 2, bulls had heavier carcasses, lower marbling scores, less fat thickness, lower sensory-panel tenderness and juiciness scores and less separable fat in the 9-10-11th rib section than steers (P<.05). Steer carcasses had younger (P<.05) maturity scores than bull carcasses at 15 and 18 mo, but not at 12 and 24 mo (table  3) . Warner-Bratzler shear values for LM from steers fed the HE diet were lower (P<.05) than for those from bulls on either dietary-energy level, whereas WBS values were not different (P>.05) between bulls and steers on the LE diet (table 3). Slaughter age had no effect on WBS values. Cooking losses of LM were higher (P<.05) for bulls at 12, 18 and 24 mo than for steers. These differences between bulls and steers for carcass and meat traits are in general agreement with those reported in the literature (Rhodes, 1969; Field, 1971; Seideman et al., 1982) . Diet-energy level had little effect (P> .05) on carcass weight, fat thickness, maturity score, cooking loss, or sensory-panel tenderness, juiciness or flavor (table 2). Percentage of separable fat in the 9-10-11th rib section was higher (P<.05) for cattle fed the HE diet. Marbling score was higher (P<.05) for cattle on the HE diet at 15 mo than for cattle on the LE diet (table 3) ; however, at 12, 18 and 24 mo, marbling scores were similar for cattle on HE and LE diets.
The HE diet in this study was the same for all age groups, whereas two LE diets were formulated at energy levels expected to produce USDA Choice steers for each slaughter age group as described by Arthaud et al. (1977) . The 18-and 24-mo groups were not fed their finishing diets until about 140 d before slaughter. Table 2 reveals that both slaughter and carcass weights increased (P<.05) from 12 to 18 mo. Slaughter weight increased (P<.05) from 18 to 24 too, whereas carcass weight did not increase. It should be pointed out that age is confounded with differences in dietary-energy regimen used to produce Choice grade steers at each age group, in addition to sampling errors associated with animals in each group. Dressing percentage was lower (P<.05) for the 24-mo cattle than for the 18-mo cattle. Fat thickness was lowest for the 12-mo cattle, highest for the 24-mo cattle and similar for 15-and 18-too cattle. Percentage of separable fat in the 9-10-11th rib section was lowest for 12-too cattle, but not different for the other slaughter groups. These results indicate that fat-thickness differences at the 12-13th rib interface were not indicative of 9-10-11th rib fat deposition.
The only sensory-panel trait affected by slaughter age was juiciness. Steaks from 12-mo cattle were less (P<.05)juicy than steaks from 18-and 24-mo cattle and steaks from 15-mo cattle were less juicy than those from 18-mo cattle. Cross et al. (1984) found that bulls and steers at 12 mo had similar tenderness ratings and were less tender than steers slaughtered at 18 too. However, they found that bulls were more tender than steers at 15 mo, but the trend was reversed at 18 too. In our study, the differences in sensory-panel tenderness between bulls and steers were consistent across slaughter ages.
Histological Evaluation of Fat Deposits.
Steers had more (P<.05) and larger (P<.05) HFD than bulls as shown in table 4. This difference corresponds to the higher marbling scores (table 2) and higher (P<.05) etherextract percentages (table 4) for steers. Differences in HFD appeared to be consistent among slight, moderate and heavy HFD. Reddy et al. (1970) also observed significant effects of marbling degree on LM HFD. Arthaud et al. (1969 Arthaud et al. ( , 1977 reported significant ether-extract differences between bulls and steers.
There was a significant slaughter age • dietary energy interaction for HFD. No differences (P>.05) because of age occurred for cattle fed the LE diet, whereas age differences did occur on the HE diet. Therefore, table 5 presents results of cattle fed the HE diet only. This includes the 9-too initial slaughter group and reveals that the number of moderate and bSlight fat deposits (<.053 mm 2); moderate fat deposits (.053 to .106 mm 2); heavy fat deposits (>.106 mm 2 ).
C'dMeans in the same row that do not have a common superscript differ (P<.05). c'd'eMeans in the same row that do not have a common superscript letter differ (P<.05).
heavy HFD increased (P<.05).from 9 to 15 mo of age, whereas the number of slight HFD tended (P>.05) to decrease after 15 mo. In addition, HFD were more (P<.05) numerous in 15-mo cattle than in those of other ages. This corresponds to the high marbling score for 15-mo cattle fed the HE diet. Areas of HFD and ether-extract percentages were lower (P<.05) for 9-mo cattle than for 15-, 18-and 24-mo cattle and were generally lower for 12-mo cattle than for 15-, 18-and 24-mo cattle.
As shown in table 6, samples from the central position of the LM muscle had fewer (P<.05) heavy HFD, smaller (P<.05) areas of heavy and total HFD and lower (P<.05) etherextract percentages than the medial and lateral positions. bSlight fat deposits (<.053 mm2); moderate fat deposits (.053 to .106 ram2); large fat deposits (>.106 mm 2 ).
c'd'eMeans in the same row that do not have a common superscript differ (P<.05).
Correlations of Fat Deposits With Meat
Quality. Residual correlations presented in table 7 indicate that most correlations were nonsignificant and those that were significant were too low to be of practical importance. Marbling score and LM ether-extract percentages were generally positively correlated with number and area of HFD as expected. The correlation between marbling and ether-extract percentage is lower than that reported by Campion et al. (1975) . The only meat sensorypanel trait found to be significantly correlated with HFD was juiciness, but those correlations were too low to be of practical importance.
Histological Evaluation of Collagen and
Elastin. Histological evaluation showed that collagen content was higher (P<.05) in LM from bulls than from steers and higher (P<.05) w < for cattle fed the LE diet than for cattle fed the HE diet (table "8). The higher WBS values and u lower sensory-panel tenderness scores for bulls ~" (table 2) may be explained by these differences ~ in LM-collagen content. On the other hand, the ~ higher (P<.05) LM collagen content of cattle r vfed the LE diet was not reflected in less tender ~ meat compared with those fed the HE diet. In ~ fact, bulls fed the HE diet had the least tender Z muscle (table 3) of the four sex x dietary-energy ~ ~ treatment combinations. There were no changes ~ :~ (P>.05) in collagen content from 12 to 24 mo O ~ of age. ~ Results for histological evaluation of LM ~ elastin content were opposite those for collagen ~ (table 8) . Neither sex nor diet had an effect on o elastin, but 12-mo cattle had the most (P<.05) ~ < elastin, followed by 24-mo cattle. The 15-and 18-mo cattle had the least (P<.05) elastin, e~ In comparison with older cattle fed the HE diet (table 9), the 9-mo cattle had more (P<.05) ~. collagen than all older groups. Vognarova et al. (1968) reported that veal muscle had a higher percentage of collagen than beef muscle. In ~< addition, our 9-mo group had more (P<.05) elastin than all older groups. The 12-and 24-mo groups were intermediate (P<.05) in elastin content. Venable (1963) also reported inconsistencies in percentage of elastin in different age groups. However, Vognarova et al. (1968) reported that elastin fiber~ were more predominant in veal than in beef. b'c'dMeans in the same row within sex, diet or slaughter age that do not have a common superscript differ (P<.05).
highest at 15 mo and lowest at 24 mo. The large standard errors prevented these differences from being significant. Hall and Hunt (1982) reported that diet had small and inconsistent effects on total LM collagen. Unruh et al. (1986) reported that total collagen was lower in bulls at 12.0 and 13.8 mo than at 17.4 too. However, Cross et al. (1984) found that total LM collagen increased (P<.05) from 6 to 12 mo and then decreased (P<.05) from 12 to 15 mo of age. Cross et al. (1984) also reported that bulls tended (P<.10) to have more total collagen than steers.
Although a trend appears to exist for soluble collagen, there were no slaughter age differences in WBS values or sensory-panel tenderness scores of LM. Boccard et al. (1979) found that collagen solubility did not change in steers from 12 to 24 mo of age. However, Cross et al. (1984) reported that collagen solubility decreased (P<.05) from 9 to 12, 12 to 15, and 15 to 18 mo of age. Goll (1965) and Herring et al. (1967) reported that collagen solubility decreased in carcasses from A and B maturity to E maturity because of increased cross-linking.
Our total collagen values are similar to those reported by Wilson et al. (1954) but somewhat higher than others have reported. Hall and Hunt (1982) , Wu et al. (1981) , Cross et al. (1984) and Unruh et al. (1986) reported LM mean total collagen values ranging from 3.7 to 5.8 mg/g. Our soluble collagen percentages are slightly lower than those reported by Cross et al. (1984) and Unruh et al. (1986) . These authors reported mean values ranging from 11 to 19% in 6-to 18-mo-old bulls.
Our LM elastin values are slightly higher than those reported by Wilson et al. (1954) . There were no differences (P>.05) in elastin content because of treatment in our study.
Correlations Between Connective-Tissue and Meat Traits. None of the correlation coefficients (table 10) between connective-tissue traits and meat-quality traits was statistically significant bExpressed as a percentage of the sample cross-sectional area. cde. 9 , ' ' ~eans m me same row within sex or slaughter age that do not have a common superscript differ (P<.05). 
Conclusions
Relationships among histologically and chemically evaluated adipose tissue, collagen and elastin, and meat traits were too low to be of practical importance 9 The time-intensive histological techniques used in our study provided little information over that obtained from visually evaluated or chemically measured meat traits.
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